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. SUMMARY 
Blue cheese was manufactured by several methods. The cheese 
was studied organoleptically and sometimes chemically during the 
ripening to determine the effects of the various manufacuring pro· 
cedures. The results obtained are as follows: 
1. A very small amount of mold powder (0.01 percent of the 
weight of curd) was sufficient to produce satisfactory mold growth 
in blue cheese. 
2. The method of mIXmg mold powder with the curd before 
hooping, rather than dusting the powder on layers of curd in the 
hoops, appeared to have certain advantages from the standpoints of 
mold distribution and general appearance of the ripened cheese. 
3. In comparisons of eight strains of penicillia for the ripening 
of blue cheese, the strains showed rather consistent variations in the 
amounts of volatile acid produced in cheese, the acid value of the 
cheese fat and the extent of nitrogenous decomposition. Certain 
strains gave cheese having a desirable flavor and luxuriant mold 
growth, while other strains gave cheese having undesirable flavors 
and poor mold growth. In general, cheese containing comparatively 
large amounts of volatile acid and having relatively high fat acidi· 
ties had considerable of the sharp, peppery flavor characteristic of 
blue cheese, whereas cheese containing comparatively small amounts 
of volatile acid and having relatively low fat acidities were usually 
lacking in flavor. 
4. The manufacture of blue cheese from homogenized milk by 
the method described, rather than from milk not homogenized, offers 
certain possibilities from the standpoints of curing and marketing. 
In general, cheese made from homogenized milk ripened in a rela-
tively short period, was comparatively light in color and the body 
was unusually soft so that the cheese could be easily spread with a 
knife. The cheese from various lots was also rather uniform in 
quality. On the other hand, cheese made from milk not homo-
genized required extended ripening before a desirable flavor was 
apparent and often developed flavor defects; in addition, the body 
was comparatively hard, and the color was yellow. 
5. Commercial lots of cheese made from homogenized milk were 
of good quality and had considerable flavor after 10 to 14 weeks of 
ripening. 
6. Comparisons of three temperatures [7soF. (23.9°C.), 9soF. 
(3S.0°C) and l1soF. (46.1 0C.) ] for the homogenization of milk 
intended for blue cheese under 2,SOO +SOO pounds pressure, indi-
cated that 9So F. was the most desirable temperature from the stand-
point of a comparatively rapid flavor development in the cheese. 
When large lots of milk were homogenized, 90° F. (32.2°C.) was 
commonly used with good results. 
7. Comparisons of three pressures (2,000 + SOO, 3,000 + soo 
and 4,000 +SOO pounds) for the ~omogenization of milk intended 
for blue cheese when the temperature was 9soF. (3S.0°C.) indic"ated 
that 3,000 +SOO pounds was the most generally satisfactory, al-
though 2,000 + SOO also gave good results. With large lots of milk 
a pressure of 2,SOO + SOO pounds was commonly used. 
8. The values obtained for volatile acidity on cheese made frQm 
homogenized milk were roughly two to four times as high as the 
values obtained on cheese made from milk not homogenized. 
9. In general" cheese made from pasteurized homogenized milk 
showed a more rapid development of volatile acid, higher acid val-
ues on the fat and a more typical flavor than cheese made from raw 
milk not homogenized. However, it did not ripen as rapidly as 
cheese made from raw homogenized milk. 
10. Comparisons of cheese made from (a) cows' 'milk not homo· 
genized, (b) homogenized cows' milk, (c ) goats' milk not homo· 
genized and (d) homogenized goats' milk, indicated that the cheese 
made from homogenized cows' milk was the most generally satis-
factory. 
11. Delaying the salting of cheese made from homogenized milk 
until 2 to 8 days after skewering did not appear to be a desirable 
practice from the standpoint of the color; cheese held for 8 days 
before salting was decidedly yellow. 
12. In comparisons of cheese made from raw and pasteurized 
skimmilk to which butter, boiled cream or raw cream had been 
added in amounts -necessary to make the fat content comparable 
with whole milk and the mixtures then homogenized, the cheese made 
from raw skimmilk plus the fat ingredients quickly developed ran-
cidity ~nd the flavor and aroma of methyl-n-amyl ketone, while no 
early rancidity or ketone flavor and aroma developed in the cheese 
made from pasteurized skimmilk plus the fat ingredients. These 
results suggest that the milk lipase definitely aids in the cheese 
ripening. 
13. Delaying the hooping of the curd was not a desirable pro· 
cedure in the manufacture of blue cheese since the cheese shattered 
readily, and although a sharp, peppery flavor developed very early 
it was not typical or altogether desirable. 
14. Un skewered cheese made from homogenized milk developed 
considerable flavor after a few months of ripening although this fla-
vor appeared to be due primarily to the formation of comparatively 
large amounts of methyl-n-amyl ketone. When unskewered cheese 
was made without the addition of mold powder to the curd, no ke-
tone flavor developed; the ketone flavor was more noticeable in the 
cheese made with relatively large amounts of powder than in that 
made with small amounts. Un skewered cheese made from homo-
genized milk regularly had a hard, coarse body even after consid-
erable ripening. When a culture of Lactobacillus casei or Strepto-
coccus liquefaciens was added to the milk used for cheese making, 
the cheese body was not materially improved. The L. casei culture, 
however, appeared to improve the flavor of the cheese. 
15. Small units of blue cheese, weighing about 2 pounds each, 
ripened satisfactorily although a longer period was generally re-
quired than with normal size cheese, due presumably to the ten· 
dency of the small units to dry out. 

Bacteriology of Cheese 
III. Some Factors Affecting the Ripening of Blue 
(Roquefort Type) Cheese1 
By C. B. LANE AND B. W. HAMMER 
BIue cheese (roquefort type) represents a cheese type of consider-
able commercial importance in the United States. It is not only 
consumed in the natural condition but is also used in making vari-
ous products, such as cheese spreads, salad dressing, etc. Much of 
the blue cheese used in the United States is imported from various 
European countries. Although this type of cheese has been made in 
the United States from cows' milk for some time, the industry has 
not developed to any extent. In the various attempts to expand the 
blue cheese industry, American manufacturers have met with a num-
ber of difficulties. These include (a) the failure of the cheese to 
develop enough of the characteristic flavor in a reasonable length 
of time, (b) the failure of the mold to develop properly in the 
cheese, (c) the lack of uniformity in successive · lots of cheese, 
(d ) the yellow color of the cheese, especially when made during the 
period of luxuriant pastures and (e) the relatively high cost of 
manufacture as compared to that in certain other countries. 
It is probable that difficulties also are encountered by European 
manufacturers, in which case the defective cheese may be marketed 
locally while the better grades are exported. In the United States, 
however, such a marketing system could not exist, since there would 
be a very limited outlet for blue cheese of relatively poor quality. 
More manufacturers in this country would probably attempt to 
make blue cheese if certain proce9ures were developed which would 
eliminafe some of the difficulties commonly encountered. Further-
more, it may not be essential that manufacturers duplicate the types 
of blue cheese now being imported; perhaps modifications would 
meet the approval of American consumers. 
The work herein reported is, in large part, a study of the factors 
that appear important in the manufacture and ripening of blue 
cheese. By modifying certain of the procedures generally used in 
the manufacture, or by employing new procedures, an attempt has 
been made to develop methods which would facilitate commercial 
blue cheese manufacture in the United States. 
'Project 386 of the Iowa Agricultural K"periment Station. 
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HISTORICAL 
MANUFACTURE OF BLUE-VEINED CHEESES 
A number ~f methods have been proposed for the manufacture of 
the more common types of blue-veined cheeses_ As early as 1906 
Marre (34) published a popular text on the history and manufacture 
of French roquefort cheese. Bensen (3), in 1911, described methods 
for making stilton and wensleydale cheeses, while Golding (16), in 
1924, suggested a method for manufacturing wensleydale cheese in 
Canada. A procedure for making roquefort cheese in Norway was 
published in 1921' by Funder (14). _ 
The blue-veined cheeses have attracted attention in the United 
States for many years because of the relatively high price at which 
roquefort, gorgonzola and stilton, the more common varieties, are, 
sold . .In 1914, Thorn, Matheson and Currie (51) reported a pro-
-cedure for the manufacture of blue cheese from cows' milk. These 
investigators concluded that ,the flavor apd texture of the cows' milk 
cheese could approximate, but not duplicate, imported sht1ep's milk 
cheese. After considerable investigation Matheson (35), in 1921; 
outlined a detaile,d method for the manufacture of cows' milk roque-
fort cheese. He concluded that the cheese could be made success-
fullyaqd at a profit. . . " 
.,' Several methods for the manufacture of roquefort type cheesl( 
from goats' milk have been published, among which is the method 
suggested in 1925 by Hall and Phillips (25). According t<;> these 
investigators, the product obtained was · comparable to imported 
roquefort cheese made from sheep's milk. 
Roquefort type cheese made from cows' milk has been manu-
,factured for several years at the Dairy Industry Department, Iowa 
.State College, by the method described by Goss, Nielse,p and Mor-
tensen (24). The use of homogenized milk for blue cheese was 
suggested 'by Lane and Hammer (32) in 1936. When homogenized 
milk is employed certain changes in the manufacturing procedure 
are necessary. 
GENERAL TYPES OF ORGANISMS INVOLVED IN THE RIPENING 
OF BLUE-VEINED CHEESES ' 
The literature concerning the general types of organisms involved 
in the ripening of blue-veined cheeses is in close agreement. Thorn 
(46) concluded that the only organisms necessary to produce nor-
mal ripening in roquefort cheese are the lactic acid bacteria and the 
roquefort species of the genus Penicillium. He found that the mold 
could reduce the acidity, change the nature of the curd and pro-
duce the typical roquefort flavor. Thorn also isolated roquefort 
mold from stilton, gorgonzola and brinse cheeses. Percival and 
Mason (42) isolated various organisms from stilton cheese includ-
ing Streptococcus lacticus, Bacillus acidi lactici, a species of Tyro-
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thrix, Penicillium glaucum and a round form of Torula. _. ,L~~tic 
acid organisms were abundant during the early stages of ripening, 
whereas in the later stages P. glaucum and the Torula dominated 
Thorn and Matheson (50) isolated Penicillium roqueforti, _ bac-
teria of the Bacillus lactis acidi and Bacillus bulgaricus groups, 
some liquefying bacteria and yeasts from roquefort cQeese, w}Iile a 
variety of organisms was isolated from the slime. Acoording. to 
these investigators the mold utilizes the acid formed by the aCid 
producing organisms, and the mold enzymes bring about hydrolysi& 
of protein and fat. Thorn and Matheson concluded that (he forma-
tion of surface slime is unnecessary for the production of roqueforl 
flavor but serves as an index of the ripening conditions. S!udies 
by Evans (13) indicate that the essential organisms in the ripening 
of roquefort cheese are S. lacticus and P. roqueforti. Micrococci, 
rod forms and yeasts were isolated from the surface slime. Evans 
concluded that the enzymes produced in the slime are not necessary 
for the ripening of the cheese. 
THE PENICILLIA IMPORTANT IN RIPENING BLUE-VEINED CHEESES 
Considerable work has been done relative to the penicillia of 
roquefort and related cheeses. Steuart (45) made a study of the 
dominant mold in a number of blue-veined cheeses. Of. 12 
cheeses including roquefort, gorgonzola, stilton, wensleydale and 
blue caerphilly, eight contained P. roqueforti as the dominant mold. 
A comparison of the dominant mold of wensleydale cheese and 
P. roqueforti was made by Golding (17). He found that the two 
molds differed in cultural and biochemical characteristics; P. roque-
forti digested casein four times as rapidly as the mold obtained 
from wensleydale cheese. 
Comparatively large variations-have been found among individual 
strains of penicillia employed for the ripening · of blue-veined 
cheeses. Arnaudi (1,2) studied the morphological, cultural and 
biochemical characteristics of various strains. of penicillia isolated 
from gorgonzola cheese. Relatively large differences were found 
among the strains studied_ Arnaudi suggested that by isolation and 
selection of cultures certain strains might be obtained which would 
have a more beneficial effect on the cheese than other strains. Thorn 
(48) stated that the biochemical features of various strains of p. 
roqueforti varied so much that their practical usefulness was af-. 
fected. Variations in the strains of P. roqueforti used for inocula-
tion affected the quality of the cheese. Working with eight strains 
of penicillia isolated from various blue-veined cheeses, Lane (30) 
found relatively large variations in the amounts of volatile acids in 
cheese made with the individual strains. He concluded that certain 
strains were more suitable than others for bringing about normal 
ripening in blue cheese. 
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In studying the dominance of roquefort mold in roquefort and 
related cheeses, Thorn and Currie (49) found that oxygen is an im-
portant factor. The low oxygen concentration in the open spaces 
of the cheese prevents the growth of many penicillia other than P. 
roqueforti. Golding (23) suggested that the presence of consider-
able carbon dioxide rather than the absence of oxygen is the limit-
ing factor in the growth of P. roqueforti. According to this inves-
tigator, blue cheese is skewered not to admit oxygen but rather to 
allow carbon dioxide to escape. He suggested that starters which 
produce relatively small amounts of carbon dioxide would bring 
about a more favorable condition for the growth of penicillia in the 
cheese than starters producing comparatively large amounts of the 
gas. 
According to Thorn (47) the relatively high salt content -in the 
blue-veined cheeses is another factor in bringing about the domi-
nance of P. roqueforti. The salt delay's the development of molds 
other than P. roqueforti; Oidium lactis is completely shut out. 
Bryant (4) found that the amounts of salt in blue cheese were very 
inhibitory to bacteria normally present in the cheese. 
GENERAL ACTION OF THE PENICILLIA 
Various chemical changes brought about by the penicillia are 
important in the ripening of blue-veined cheeses. The products 
formed are undoubtedly largely responsible for the characteristic 
flavor and texture of the cheese. 
According to Currie (9), considerable fat hydrolysis occurs dur-
ing the ripening of roquefort cheese. This is brought about by 
water soluble lipases produced by the Penicillium. Weisbrodt (54) 
found that the production of esterase by P. roqueforti was greater 
when cultures were grown under fa'vorable conditions than when -the 
conditions were unfavorable and that it was extracellular. Studies 
by Collins (7) and Naylor, Smith and Collins (38) showed that 
increases in esterase and protease activity by P. roqueforti were 
directly' proportional to increases in mold growth and that the 
optimum pH for proteolytic digestion in a modified Czapek's me-
dium was 5.3 at 30° C. In an attempt to produce strong enzyme ex-
tracts from cultures of P. roqueforti, Golding (21) obtained rela-
tively large growths of mold by using a modified Dox salt solution 
as a medium. Golding (19) also found that the addition of small 
amounts of citric acid to milk increased the digestion of casein by 
strains of P. roqueforti. 
Laxa (33) determined the effect of acetic, butyric, caproic and 
caprylic acids on the growth of P. glaucum and O. lactis by growing 
the molds on media containing the acids. Since distillates from 
the media supporting mold growth showed low volatile -acidities as 
compared to the controls, Laxa concluded that the molds utilized 
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the acids. Acids of high molecular weigh! appeared to have a more 
toxic effect on the molds than those of low molecular weight. Simi-
lar studies by Bryant (5) showed that certain of the lower fatty 
acids were utilized by strains of penicillia when the molds were 
introduced into sterile skimmilk containing the acids. The molds 
appeared to use relatively large amounts of the fatty acids having 
low molecular weights. Working with stilton cheese, Hiscox (28) 
found that the volatile acidity was usually higher during the early 
stages of ripening than during the later stages, from which she con-
cluded that the volatile acids were partially utilized by the mold. 
FLAVOR IN BLUE-VEINED CHEESES 
The flavor associated with roquefort and related cheeses has com 
monly been described as sharp, pungent, burning or peppery. Orla-
Jensen (40) stated that the chief constituent responsible for the 
flavor and aroma of roquefort cheese is ethyl butyrate. Weigmann 
(53) concluded that the rancid, sharp flavor of roquefort, stilton 
and gorgonzola cheeses is caused by the green penicillia, since the 
characteristic taste is observed after spore formation. 
According to Currie (9), the accumulation in the cheese of cap-
roic, caprylic and capric acids with their easily hydrolyzable salts 
is responsible, in large part, for the peppery taste and burning ef" 
fect of roquefort cheese. Currie (10) also found that blue-veined 
cheese made entirely from sheep's milk had more of the peppery 
taste than cheese of the same ripeness made from cows' milk. This 
was due, presumably, to the comparatively high percentage of sharp 
tasting acids which was obtained by the hydrolysis of sheep's milk 
fat. Although it has been well established by Currie (9) that the 
majority of the fatty acids which accumulate in the cheese originate 
from the fat, it also has been demonstrated by Neuberg and Rosen-
berg (39) ' that volatile acids may arise from casein decomposition; ' 
1 kgm. of casein, under controlled conditions, may produce 40 -gm. 
of butyric acid, 95 gm. of caproic acid, 5 gm. of capric acid and-
some valeric acid. Lane (30) found that blue cheese containing 
relatively large amounts of volatile acid regularly had a: sharp, 
peppery flavor, whereas cheese containing comparatively small-
amounts usually lacked flavor. 
The formation of methyl ketones by the breakdown of certain fatty 
acids is believed by Starkle (44) to be responsible f6r the character-, 
istic aroma of mold ripened cheeses. The ketones obtained from ro- ' 
quefort cheese were identified by organoleptic examination as methyl-
n-amyl and methyl-n-heptyl; only very small amounts of the fhv6r 
producing material could be obtained. Later, Hammer and Bryant 
(27) succeeded in obtaining small amounts of methyl-n-amyl ketorie -
by inoculating penicillia spores into flasks of milk to which caprylic 
acid had been added. These investigators concluded that methyl-n-
amyl ketone is an important flavor constituent of blue cheese and 
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that the compound is apparently formed from caprylic acid through 
the action of P. roqueforti growing under conditions unfavorable for 
the normal growth of the mold. 
COMMON DEFECTS OF BLUE-VEINED CHEESES 
A comparatively limited amount of research has been reported 
relative to defects in blue-veined cheeses. However, there has been 
considerable study of two common defects, namely, lack of normal 
mold growth in the cheese and dark discoloration. 
Various methods were used by Golding (18, 19, 20, 22) in at-_ 
tempts' to increase the growth of P. roqueforti. The amount of 
growth in wensleydale cheese treated with air, oxygen and continu-
ous or intermittent pressures showed a slight increase over control 
cheese. The addition of citric acid to the milk also slightly im-
proved mold growth in the cheese, whereas ammonium chloride 
added to the curd at salting, in proportions found satisfactory in 
synthetic media, appeared to decrease slightly the growth. In a 
comparative study of the development of mold in cheese when the 
curd was inoculated with new spores, old spores or mycelium, 
Bryant (4) found that new spores developed most rapidly, but that 
after 6 weeks of ripening mold growth was about equal in all of 
the cheese. 
As early as 1912, Golding (15) studied the causes of a yellow 
discoloration present in a relatively high percentage of stilton cheese 
manufactured in certain localities in England. He found that 
dairies making cheese of comparatively low salt content had no 
trouble with discoloration and suggested that high salting tended 
to increase the formation of tyrosine in the cheese. When tyrosine 
was injected into cheese, a dark color resulted. Since tyrosinase 
might have been produced by certain organisms in the cheese, Gold-
ing suggested that commercial rennet, rather than the homemadCl 
product, should be employed. Dox (12) reported that the small, 
white specks found around the openings of ripened roquefort cheese 
were tyrosine crystals. 
Discoloration in stilton cheese was studied by Cornish and Wil-
liams (8). They found that under certain conditions Bacillus pro-
teus and another Bacillus (unidentified) produced a dark color in 
the presence of tryptophane, histidine hydrochloride or tyrosine. Be-
ginning with pink, the color progressed to dark brown or black. 
Mattick and Williams (36) demonstrated that Bacillus proteus vul-
garis produced coloration in aqueous tryptophane solutions with a 
pH range of 8.9 to 9.4, while Venn (52) showed that color was 
produced in aqueous tyrosine solutions containing certain bacilli 
when the pH was from 3.23 to 9.7. According to Moil' (37) muddy 
or dark discoloration in cheese is brought about by enzymes (in-
cluding possibly tyrosinase) which diffuse into the cheese from cen-
ters of mold growth and act on certain chemical substances present. 
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Various flavor defects, such ' as fermented, unclean, musty or> 
"mousy" flavors, sometimes lower the quality of blue-veined cheeses. 
Comparatively little work has been reported on these defects; 
PREPARATION OF MOLD POWDERS FOR BLUE-VEINED CHEESES 
In the manufacture of blue-veined cheeses the usual procedure 
employed in inoculating the curd with mold has been to sprinkle ' 
mold spores, in the form of powder, over the curd at the time of 
hooping. Mold powders are generally prepared by growing the 
mold on some medium after which the material is dried and pul-
verized. Various methods have been suggested for the preparation ' 
of suitable mold concentrates. Steuart (45) prepared inoculating 
material from well ripened stilton or wensleydale cheese. In some 
cases he employed spores grown in petri dishes on artificial media. 
The preparation of mold powders using baked products made for 
the purpose has been described by Marre (34) and Hall and Phil-
lips (25). Powders were prepared by Matheson (35) by paraf-
fining freshly baked loaves of bread and then inoculating them with 
the desired mold. Chavastelon (6) described a procedure by which 
strips of bread were dipped into an acid suspension of mold spores. 
Orla-Jensen (41) suggested a method by which the desired mold 
strain was gradually accustomed to formalin and strips of bread 
then dipped into an acid suspension of the mold spores containing 
1 percent formalin. 
A practical method for preparing mold powder, free from for-
eign molds, was described by Hussong and Hammer (29). Whole 
wheat bread is cut into small cubes, placed in bottles and sterilized. 
The bread is inoculated and the bottles incubated at room tempera-
ture. After extensive spore formation the bread is dried, pulver-
ized and sieved. 
METHODS 
MANUFACTURE OF CHEESE 
SOURCE AND TREATMENT OF MILK 
Most of the milk used for making the experimental cheese came 
from the Iowa State College Holstein', Jersey and Guernsey herds, 
although occasionally milk from other herds was employed. The 
fat content varied from 3,3 to 4.0 percent. In the early experiments, 
fresh raw milk was used while later the milk was homogenized at 
various temperatures and pressures in a double-stage Gaulin homo-
genizer. A few trials were made with milk pasteurized in a coil vat 
at 145°F. (62.8°C.) for 30 minutes and then homogenized. 
GENERAL MANUFACTURING PROCEDURE 
The general method employed for manufacturing the cheese was 
that suggested by Goss, Nielsen and Mortensen (24). Certain varia-
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tions in the method were introduced when the milk was pasteurized 
or homogenized, or when experiments were carried out to determine 
the effect of certain modifications in the general procedure. 
Usually the milk was placed in small cheese vats, heated to 84°F. 
(28.9°C.) and inoculated with 2.0 or 3.0 percent of lactic acid cuI· 
ture. The acidity was developed to 0.20 or 0.21 percent, calculated 
as lactic acid, and rennet then added at the rate of 3 oU!1ces per 1,000 
pounds of milk. The curd was cut with 0.5 inch curd knives 90 to 
120 minutes after the addition of the rennet. Just before cutting, 
the entire surface of the curd was usually covered with a thin film 
of clear whey, and in some cases the curd had drawn away from 
the sides of the vat; the acidity of the whey was generally 0.13 to 
0.14 percent. 
After cutting, the curd was not disturbed for about 15 minutes, 
and then it was stirred gently for the next 30 minutes. About 50 
minutes after cutting, the temperature of the curd was commonly 
raised 2° or 3°F. (1.1 0 or 1.7°C.) by removing and heating a small 
amount of whey with stearn and then returning it to the vat. The 
acidity of the whey at this point was usually from 0.17 to 0.19 per-
cent, and the curd was firm enough for dipping. Some whey was 
drawn off, and the curd was transferred with a scoop to a nearby 
drain vat; the vat contained a drain rack covered with a single 
layer of cloth of the type commonly used by swiss cheese manu· 
facturers. Drainage of the curd was accelerated by raising and low-
ering the corners of the cloth occasionally. After about 15 minutes 
the curd was a slightly tough, lumpy, porous mass which gave oII 
very little whey. 
The curd was dipped into standard size roquefort type hoops in 
four layers, a small amount of mold powder being dusred on the 
first, second and third layers with a pepper shaker. The cheese 
was turned frequently for the next few hours, drained overnight 
on a cloth covered drain board and then removed for salting. 
A combination of brine and dry salting was generally used. This 
involved a _ period of about 1 week, and 4.0 to 4.5 percent salt 
was incorporated into the cheese. After salting was completed, the 
cheese was rinsed and skewered; usually about 50 holes were 
punched in each of the flat sides of a cheese with a needle having a 
diameter of about 0.12 inch. The cheese was placed on edge on 
special racks in a curing room having a temperature of about 47° F. 
(8.3°C.) and a humidity of 90 percent o.r above. Two or three 
times during the curing period of 5 to 6 months, the cheese was 
temporarily removed from the curing room, soaked in cold water 
for several minutes and brushed with a stiff brush to remove sur-
face slime. After about 6 months in the curing room the cheese 
was wrapped tightly in foil and stored at 35° to 40° F. (1.7° to 
4.4,0C.). . 
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PREPARATION OF MOLD POWDER 
The mold powder was prepared by the method suggested by Hus-
song and Hammer (29). Whole wheat bread, cut into small cubes 
and sterilized in bottles, was inoculated with a mold culture; After 
about 10 days incubation at 70°F. (21.1 0C.), the spore-covered 
bread was dried, pulverized and stored in sterile cans. 
EXAMINATION AND SCORING OF CHEESE 
The cheese was examined and scored at regular intervals by sev-
eral judges2 during the ripening. The examinations commonly in-
cluded scorings on flavor, texture, mold growth and color; remarks 
and criticisms of the judges, as well as the numerical scores, were 
usually recorded. 
CHEMICAL ANALYSIS OF CHEESE 
At various periods during the ripening certain lots of cheese were 
analyzed chemically. In some cases the analyses included determi-
nations of (a) total volatile acidity, (b) general types of volatile 
acids present, (c ) extent of nitrogenous decomposition and (d) acid 
value of fat, while in others only one or two of these determinations 
were employed. The methods used for the various determinations 
are as follows: 
TOTAL VOLATILE ACIDITY 
Two hundred gm. of finely divided cheese and 400 m!. of water 
in a flask were acidulated with 25 m!. sulfuric acid (25 percent by 
. volume) and distilled with steam until 1 liter of distillate was ob-
tained; 100 m!. of the distillate were titrated with N/ I0 sodium 
hydroxide, using phenolphthalein. The volatile acidity was cal-
culated as the milliliters of N/ l0 acid equivalent to the volatile 
acid in the first liter of distillate when a 200 gm. portion of cheese 
was distilled with steam. 
GENERAL TYPES OF VOLATILE ACIDS 
The method employed was the estimation of the percentage of 
barium in the barium salt prepared from the volatile acids obtained 
on distillation. (26 ) . A little less than the amount of aqueous solu-
tion of barium hydroxide calculated to neutralize all the contained 
acid was added to 900 m!. of the distillate (the 100 m!. ,portion 
used for direct titration was discarded). The aqueous solution of 
the barium salt was concentrated on a water bath and filtered. After 
evaporation to dryness on the water bath the salt was recrystallized, 
dried at 212°F. (l00°c.) and the percentage of barium determined 
2The opinions of Prof. E . F. Goss and Mr. Verner Nielsen. who examined a consid-
erable percentage of the cheese made. were especially helpful. 
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as follows: Approximately 0.25 gm. was weighed out, dissolved ill 
from 75 to 100 ml. of hot water, heated to boiling and a slight 
excess of Ni l sulfuric acid slowly added. After digesting from 8 to 
10 hours on a hot plate, the barium sulfate was filtered off, ignited 
and weighed. From the weight of barium sulfate and the weight 
of the original salt, the percentage of barium in the latter was cal· 
culated. 
NITROGENOUS DECOMPOSITION IN CHEESE 
The methods used for the study of the nitrogenous decomposition 
in the cheese were those employed by Lane and Hammer (31 ). 
Cheese serum was obtained at intervals during the ripening by sub· 
mitting mixtures of finely divided cheese and sand to relatively high 
pressures in a hydraulic press. The serum was analyzed for total 
nitrogen, amino nitrogen and various fractions of protein and pro· 
tein decomposition products which were· soluble or insoluble in 
trichloracetic acid, ethyl alcohol and phosphotungstic acid. The 
values for the various forms of nitrogen are expressed as the milli· 
liters of N/I0 acid equivalent to the nitrogen of 1 ml. of cheese 
serum. 
ACID VALUE OF FAT 
When the cheese and sand mixtures were submitted to pressure, 
considerable fat was obtained with the serum. The fat was removed 
from the mixture with a separatory funnel and filtered. One part 
of fat (by weight) was boiled with 2.5 parts of neutral ethyl alcohol 
and titrated with N/ lO sodium hydroxide, using phenolphthalein. 
The results are expressed as the milliliters of N/ I0 acid equivalent 
to the acid in 20 gm. of fat. 
RESULTS OBTAINED 
INOCULATION OF CURD WITH MOLD POWDER 
EFFECT OF AMOUNT OF MOLD POWDER . USED 
The effect of the amount of mold powder used on the mold de· 
velopment in blue cheese was studied with five lots of cheese con-
taining eight cheese each. With each lot duplicate cheese were in-
oculated with 0.00, 0.01, 0.05 and 0.20 percent mold powder by 
shaking weighted portions of the powder on the curd at the time of 
hooping. The weight of mold powder employed was calculated on 
the basis of a 4-pound cheese_ Wedge shaped portions cut from the 
cheese were examined for mold growth after 15, 30, 45 and 60 days 
of ripening. The results obtained are presented in table l. 
The data show that after 45 days of ripening all the cheese in-
oculated with mold powder developed satisfactory mold growth, 
while the growth in the uninoculated cheese was much less sa tis-
factory. After 60 days, growth in all the inoculated cheese was 
about the same regardless of the amount of powder employed. It 
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TABLE l. EFFECT OF THE AMOUNT OF MOLD POWDER USED ON THE 
GROWTH OF MOLD IN BLUE CHEESE. 
(Powder Added to Curd in Hoops.) 
No. I % mold Mold growth * after 60 days I Remarks powder 15 days I 30 days I 45 days I 
LOT 1 
0.00 3 5 6 Poor distribution 
2 0.01 0 4 8 8 
3 0.05 7 8 9 Good growth 
4 0.20 6 Streaks of powder 
LOT 2 
0.00 3 4 5 Poor distribution 
2 0.01 0 7 9 Good growth 
3 0.05 3 6 8 Good growth 
4 0.20 4. 6 9 Streaks of powder 
LOT 3 
0.00 2 
0.01 2 5 7 Good growth · 
0.05 3 8 Good growth 
4 0.20 3 7 Streaks of powder 
LOT 4 
0.00 2 6 8 
2 0.01 4 7 8 Good growth 
3 0.05 6 8 Good growth 
4 0.20 8 9 9 Streaks of powder 
LOT 5 
0.00 3 4 Poor distribution 
2 0.01 0 4 8 Good growth 
3 0.05 3 5 8 9 Good growth 
4 0.20 8 Streaks of powder 
'Based on a perfect score of 10. 
is evident that a very small amount of powder (0.01 percent) was 
sufficient to produce satisfactory growth. When the largest amount 
of powder (0.20 percent) was used there were unsightly dark streaks 
of mold powder in the cheese. In two of the five comparisons, the 
uninoculated cheese developed satisfactory growth after 60 days, 
while ·in three there was a poor distribution of growth in the cheese. 
ADDITION OF MOLD POWDER TO CURD BEFORE HOOPING 
The method of inoculating the curd by sprinkling mold powder 
on layers of curd during hooping is not entirely satisfactory since 
the cheese often has dark streaks of powder, and an irregular distri-
bution of mold growth may occur. Another procedure is to mix 
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the powder with the curd before hooping. Shortly after dipping 
and immediately before hooping, the usual amount of mold powder 
is applied to the curd on the drain cloth, and the powder and curd 
are thoroughly mixed. 
From a number of comparisons of the two methods it appeared 
that mixing the powder with the curd before hooping commonly 
brought about a more uniform distribution of mold growth in the 
ripened cheese than the older method and, in addition, prevented 
dark streaks of powder in the cheese. 
The mixing of the mold powder with the curd is used extensively 
in the manufacture of blue cheese at the Dairy Industry Department, 
Iowa State College, and at other plants where commercial blue 
cheese is made. The results obtained by the method appear to be 
very satisfactory. 
EFFECT OF THE STRAIN OF MOLD USED 
The work of Currie (9) and other investigators has shown that 
in roquefort cheese enzymes produced by the penicillia during the 
ripening are largely responsible for the hydrolysis of both fat and 
protein. The products formed through these hydrolyses, especially 
those from fat, are primarily responsible for the characteristic flavor 
of roquefort and related cheeses. It is logical to assume that vari-
ous strains of penicillia would show differences with respect to their 
action on the cheese constituents, in which case certain strains might 
be more suitable than others for bringing about the normal ripening 
of the cheese. 
A comparison was made of eight strains of penicillia from the 
standpoint of the amount and general types of volatile acid pro-
duced, the acid value of the fat, the flavor development and' the 
nitrogenous decomposition in blue cheese. Of the eight strains, 
three were obtained from culture collections while the remainder 
was isolated from blue cheese. The sources and identities3 of the 
strains are given at the top of the next page . 
. Several hundred grams of mold powder were prepared from each 
strain of mold, placed in sterile containers and stored at a low tem· 
perature until the cheese was manufactured. 
In the experiments, five lots of cheese were made; each lot con-
tained either 16 or 18 cheese weighing about 4 pounds each. At the 
customary time during the manufacture, 0.4 gm. of a mold powder 
was dusted on the curd necessary for two cheese. The lots containing 
18 cheese included 2 cheese made without the addition of any 
powder to the curd. An attempt was made to control the moisture 
and salt contents of the cheese in a lot so as to insure reasonable 
SWith the strains obtained from collections, the identities given by the senders were 
accepted. The remaining strains were identified by Mr. H. W. Bryant under the 
direction of Dr. J. C. Gilman of Iowa State College. 
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Strain No. Source 
1 Imported blue cheese 
2 Imported blue cheese 
3 Imported roquefort cheese 
4 N. S. Golding collection (16) 
5 N. S. Golding collection (33) 
6 Domestic blue cheese 
7 C. Thorn collection 
8 Imported blue cheese 
Identified as 
P. roqueforti 
P.oxalicum 
P. chrysogenum 
P. roqueforti 
P. roqueforti 
P. roqueforti 
P. roqueforti 
P. roqueforti 
uniformity in composition. Analyses at several periods during the 
ripening showed that the variations in the moisture contents among 
individual cheese in a lot did not exceed 2 percent while the salt 
contents did not vary more than 1.2 percent. Lot 1 was examined 
after 17 weeks, lot 2 after 23 weeks, lot 3 after 27 weeks, lot 4 after 
31 weeks and lot 5 after 37 weeks. The data ~btained are presented 
in table 2. 
There were significant variations in the values obtained on the 
volatile acidity among the cheese in a lot. In the relatively young 
cheese of lot 1 (aged 17 weeks), cheese made with strain 7 gave a 
minimum value of 15 compared with a maximum of 26 for the 
cheese made with strain 3. Large variations were also apparent 
among the values obtained on the older lots of cheese. In the com· 
paratively old cheese of lot 5 (aged 37 weeks), cheese made with 
strain 7 gave a minimum value . of 62 compared to a maximum of 
100 for the cheese made with strain 1. 
Certain strains of molds were usually associated with cheese hav· 
ing high volatile acid values, while others were associated with 
cheese having low values. Thus, cheese made with strains 1, 2, 3 or 
5 was commonly high in volatile acid, whereas cheese made with 
strains 4 or 7 was usually low. It is of interest to note that the 
cheese made without mold powder in lots 3, 4 and 5 showed consid· 
erable mold growth and was relatively high in volatile acid; in a 
number of comparisons the values obtained were larger than those 
obtained on cheese made with added mold powder. 
Considering the various lots of cheese, the total volatile acidities 
increased with an increase in ripening. The values were compara· 
tively low with cheese ripened 17 or 27 weeks, whereas higher values 
. were regularly obtained with older cheese. 
The barium values obtained on the salts prepared from the dis-
tillates containing the volatile acids showed relatively small varia-
TABLE 2. EFFECT OF CERTAIN STRAINS OF PENI CILLIA ON THE AMOUNT AND GENERAL TYPES OF VOLATILE ACID, THE 
ACID VALUE OF THE FAT AND THE SCORE OF BL UE CHEESE. 
St 'n I Age of I Vol. acidity in mI. l Barium value Acid value in ml. 
I Flavor' 
Score 
::' cheese N I 10 acid per 200 N I 10 acid per 20 Remilrks on ftavor 
. (weeks ) gm. cheese Ave. gm. fat Mold' Total 
LOT 1 
17 20 48.51 48 .45 48.48 9.2 7.0 7.0 14.0 Good, sl. t peppery 
17 23 46 .88 46.86 46.87 9.9 5.0 8.0 13.0 Bitter, s l. p eppery 
17 26 47.65 47.61 47.63 11.6 4.0 5.0 9.0 Bitter, sour. 81. peppery 
4 17 16 49.83 49.85 49.84 7.0 6.0 6.0 12.0 Lacks flavor 
5 17 25 48.05 48 .25 48.15 10.2 8.0 9.0 17 .0 V.t good, p eppery 
17 16 48.95 48 .83 48.89 8.7 5.0 6.0 11.0 Lacks flavor 
17 15 47 .80 47.86 47 .83 5.4 5.0 6.0 11.0 Lacks fla vor 
17 18 47 .94 48.00 47.97 7.3 8.0 6.0 14.0 Good 
LOT 2 
23 22 41.17 41.57 41.37 10.1 8.5 . 8.5 17.0 Good, pepper y ~ 
2 23 26 40.46 4Q.16 40.31 11.6 7.0 7.5 14.5 Sl. soapy, p eppery t-' 
"'" 3 23 27 41.90 42.0 2 41.96 12.8 7.0 6.0 13.0 Sl. l?eppery 
4 23 14 40.02 40.62 40. 32 7.8 6.0 8.0 14.0 Lacks flavor 
23 28 42.30 42.34 42.32 14.6 8.5 9.0 17.5 V. good, peppery 
6 23 24 42.56 . 42.36 42.46 12.7 6.5 6.0 12.5 SI. sour, soapy, peppery 
23 16 40.97 41.15 41.06 9.7 7.0 8.0 15.0 Lacks flavor 
8 23 25 42 .25 ~2.7 5 42.50 11.6 8.0 8.0 16 .0 SI. soapy, peppery 
LOT 3 
27 26 41.33 41.93 41.6 3 16.4 8.5 8.0 16.5 Good, peppery 
2 27 27 40.86 40 .64 40 .75 12.0 7.5 7.0 14.5 Good, peppery 
3 27 31 42.07 42.15 ~2 . 11 25 .8 8.0 6.0 14.0 Good, p eppery 
4 27 18 40.09 40. 29 40.19 13.2 7.0 8.5 15.5 Lacks flavor 
27 29 41. 30 41. 34 41. 32 30.4 8.5 8.5 17.0 V. good, peppery 
27 28 39.68 40.00 39.84 15.2 5.0 5.0 10.0 Bitter, peppery 
7 27 19 40 .32 40 .16 40.24 19.2 6.0 5.0 11.0 Sour . lacks flavor 
8 27 24 40.92 40 .02 40.47 16.0 8.0 6.5 14.5 Good, peppery 
None 27 22 42.87 42.48 42.67 20.2 6.0 6.0 12.0 Sour, lacks flavor 
LOT 4 
31 50 1 42.82 42.16 42.49 49.4 9.5 8.5 18.0 V . good, peppery 
2 31 30 1 39.80 40.10 39.95 28.2 8.0 7.5 15.5 SI. hitter, peppery 
3 31 39 1 41.42 41.60 41.51 44.0 9.0 8.0 17.0 V. good, peppery 
4 31 38 1 41.02 41.26 41.14 37.8 8.5 8.5 .17.0 Good, peppery 
5 31 42 1 42.03 42.71 42.37 40.2 9.5 9.5 19.0 V. good, peppery 
31 34 1 41.02 40.50 40.76 30.2 8.5 8.5 17.0 P eppery, sl. hitter 
7 31 26 I· 41.52 41.42 41.47 33.4 9.0 8.0 17.0 V. good, peppery 
8 31 33 1 41.28 40.88 41.08 29.0 8.0 7.5 15.5 Not typical 
None 31 42 1 42.79 42.25 42.52 40.2 9.0 9.0 18.0 V . good, peppery 
LOT 5 
37 100 41.58 41.18 41.38 153.0 7.0 7.0 14.0 Too sharp, not typical 
2 37 82 41.40 41.22 41.31 104.3 7.5 8.0 15.5 Too sharp, musty 
3 37 90 41.16 41.60 41.38 141.5 6.0 4.0 10.0 Not typical 
4 37 74 41.23 41.41 41.32 142.0 7.0 7.5 14.5 Not typical 
37 96 42.06 41.94 42.00 133.0 9.0 8.5 17.5 Good, sl. overflavored 
6 37 74 41.20 40.76 40.98 90.6 6.5 6.0 12.5 Not typical ~ ,.... 
7 37 62 41.24 41.00 41.12 97.0 4.0 5.0 9.0 V. unclean ~ 
8 37 82 40.48 40.36 40.42 114.3 4.5 5.0 9.5 V~ .. unclean 
None 37 84 40.79 40.19 40.49 102.2 5.0 7.5 12.5 Not typical 
' Based on a perfect score of 10. tsl. == s li ghtly. tv. = very. 
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tions among individual cheese in a lot. In lot 1 the minimum value 
of 46.87 was obtained from the cheese made with strain 2, whereas 
the maximum value of 49.84 was obtained with strain 4; the differ-
ence was 2.97_ In lot 2 the difference between the minimum and 
maximum values was 2.19; in lot 3 it was 2.83; in lot 4, 2.57 and in 
lot 5, 1.58. Since the variations in the values obtained from the 
cheese in a lot were not particularly large, it appears that the strain 
of mold employed has only a moderate effect on the types of vola-
tile acids produced in the cheese. 
There was a significant variation between the average barium val-
ues obtained with lots 1 and 2; the values were 48.21 and 41.54, 
respectively, the difference being 6.67. With lots 3, 4 and 5 the 
values were about the same and were very similar to those obtained 
with lot 2; they were 40.82, 41.35 and 41.24, respectively. Pre-
sumably, there was a greater percentage of volatile acids of rela-
tively high molecular weight, such as caproic, caprylic and capric 
acids, in the older than in the younger cheese. 
Significant variations occurred in the acid values obtained on the 
various cheese in a lot. In lot 1 the values varied from 5.4 to 11.6, 
in lot 2 from 7.8 to 14.6, in lot 3 from 12.0 to 30.4, in lot 4 from 
28.2 to 49.4 and in lot 5 from 90.6 to 153.0. Certain mold strains, 
namely, strains 3 and 5, were regularly associated with cheese hav-
ing relatively high values, whereas strains 2 and 7 were commonly 
associated with cheese having relatively low values. From the data 
presented, it appears that the strain of mold employed may signifi-
cantly affect the acid values of fat in blue cheese. 
Considering the various lots of cheese, the acid values obtained 
OIl the cheese fat appeared to increase with extended ripening, and 
they commonly followed the same general trend as the values ob-
tained on the volatile acidity. Relatively low values were obtained 
from cheese aged 17, 23 or 27 weeks, whereas older cheese gave 
comparatively high values. . 
The strain of mold used seemed to influence the flavor 0.£ the 
cheese to some extent. Cheese made with certain strains regularly 
contained the characteristic, peppery flavor of blue cheese in a rela-
tively short period, whereas cheese made with other strains com-
monly lacked flavor or developed off flavors. Of the eight strains 
employed, strains 5 and 1 appeared to be the most satisfactory from 
the standpoint of obtaining cheese of desirable flavor. The cheese 
made with strain 5 regularly scored high in all comparisons, and 
the cheese made with strain 1 either scored the same as that made 
with strain 5 or placed second or third. Strains 6 and 7 appeared 
to be the least desirable. Cheese made with these strains scored 
relatively low in flavor in the majority of comparisons. The cheese 
made without mold powder in lots 3, 4 and 5 was relatively poor 
in flavor compared to cheese made with powder, in two of the three 
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comparisons; in one comparison (lot 4) the cheese made without 
powder scored relatively high. 
There was a relationship between the volatile acidities and acid 
values of the cheese and the flavor scores. In general, the cheese 
aged 17, 23 or 27 weeks which showed relatively high volatile 
acidities and acid values had considerable characteristic, peppery 
flavor, whereas cheese showing low values usually lacked flavor. 
With the cheese aged 31 or 37 weeks, all appeared to contain enough 
volatile acid to contribute a peppery flavor, although unnatural 
flavors commonly developed which lowered the scores considerably. 
Variations were noted in the general appearance of the mold 
growth in cheese made with individual strains of mold. Four of 
the strains employed (strains 1, 2, 4 and 5) produced satisfactory, 
green colored growth in all cheese made with them. The remain-
ing four strains (strains 3, 6, 7 and 8) commonly grew poorly in 
the cheese and in many cas(s the growth was brown or grey' in 
color. Cheese made without mold powder showed satisfactory mold 
growth in two of the three comparisons. 
The effect of the eight strains of penicillia on the nitrogenous de-
composition in cheese was studied with the same series of cheese 
used in determining the effect of the strains on the volatile acidity, 
etc. Table 3 gives the results obtained. 
There was considerable variation in the total nitrogen of the 
serums from cheese in the same lot. In the relatively young cheese 
of lot 1, the cheese made with strain 7 gave a minimum value of 
12.3 as compared with a maximum of 19.5 for the cheese made with 
strain 3. In lot 2 the minimum and maximum values were 14.8 and 
23.1, respectively; in lot 3 they were 20.5 and 28.5; in lot 4, 18.S 
and 28.6 and in lot 5, 31.0 and 44.7. Certain strains of molds 
were commonly associated with cheese having relatively large 
amounts of nitrogen in the serums while other strains were asso-
ciated with cheese having comparatively small amounts. Thus, the 
serums from cheese made with strains 3 or 5 were regularly high in 
nitrogen, whereas those from the cheese made with strains 4 or 7 
were commonly low. From these results it appears that the strain 
of mold employed may have a significant effect on the amount of 
soluble' nitrogen produced in the cheese. In lots 3, 4 and 5, the 
-cheese made without mold powder showed considerable mold growth, 
and the serums contained relatively large amounts of soluble nitro-
gen; the values obtained were commonly higher than those of the 
serums from cheese made with certain of the mold strains. 
The mold strains employed did not appear to significantly affect _ 
the distribution of nitrogen in the serums of cheese in the same lot. 
Although the various nitrogen fractions were relatively high in the 
serums from cheese containing comparatively large amounts of total 
nitrogen, the different fractions made up about the same propor-
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TABLE 3. EFFECT OF CERTAIN STRAINS OF PENICILLIA ON THE 
NITROGENOUS DECOMPOSITION IN BLUE CHEESE. 
Ml. of N I I0 acid equiv. to nitrogen of 1 mi . of cheese serum 
Age of Nitrogen fractionated into soluble and insoluble Strain portions with 
no. 
cheese Total Trichloracetic I Ethyl l Phosphotungstic Amino· (weeks) N 
acid alcohol acid N 
sol. 1 insol. sol. 1 insol. sol. I insol. 
- LOT 1 
10.0 1 17 17.3 15.7 1.4 1 10.1 7.0 7.3 6.58 
_ _ 2 _1_-;:1.;.-7 _+-~18;;-:.~4 --+~I ;;-:6'-7c-+_-;-1.:.;;7-f1--;-;:9,-;;.6~,--;:8c;.8;-f-l;-;°cc·2;;--:-----;8;;-:.3~+-_5;;.:.;;-:83~ 
3 1 17 19.5 18.0 1.3 1 11.9 7.7 11.3 8.2 6.94 
4 1 17 14.3 11.8 2.4 1 7.6 6.8 7.3. 7.3 4.86 
5 1 17 18.8 17.6 1.3 1 11.5 7.1 10.3 8.4 6.58 
6 1 17 15.8 14.2 1.4 1 8.5 7.2 8.3 7.4 5.64 
7 1 17 12.3 10.6 1.8 1 6.1 6.3 7.1 5.1 4.17 
8 1 17 17.5 15.7 1.6 1 10.0 7.4 9.1 8.4 6.58 
LOT 2 
1 23 19.5 17.0 2.5 1 15.8 3.3 12.4 7.0 7.87 
2 1 23 15.3 13.0 2.1 1 11.5 3.6 8.5 6.7 5.31 
3 1 23 23.1 20.5 2.5 1 19.5 3.0 13.6 9.4 8.51 
4 1 23 17.0 14.4 2.7 1 13.0 3.7 9.7 7.1 6.30 
5 1 23 1 22.3 19.7 2.5 1 17.2 4.7 12.4 8.7 8.29 
--6 -1--2-3 -1---:l--=5-o.1~-:1:-;;3"".Oo-:---;2:-c.2;-+-1 --:-:12°-.0~-:---2;;-.-::-8--+--::-8.-;-4-+--::-6 .'-::6---;-'-::4-;.6"'3-
---1-23 1 14.8 12.7 2.0 1 11.5 3.1 8.5 6.5 4.91 
8 1 23 1 17.6 15.6 2.2 1 14.2 3.2 10.2 7.3 6.44 
LOT 3 
1 27 28.1 24.8 3.0 1 16.3 11.7 17.9 9.8 11.43 
2 1 27 27.0 24.4 3.2 1 15.2 11.8 1'7.7 9.4 11.69 --3--I-~2;'7--:---~27~.I;;-+-~24~.74--+-;;-:2.~8-+1~1~8.~6-f~~8~.5~f-l~7~. 2;-f---;9~.8;;-+-~10;;-:.47,0;-
4 1 27 20.5 18.2 2.8 1 12.8 7.8 13.2 7.7 7.31 
1 27 28.5 25.4 3.0 1 19.2 9.2 17.4 10.8 9.90 
6 1-~2~7--:---::-23~.~5--+~270.-;-4-+-~2~.7---;I---:l'-::6-;.6~:--'-::6~.6°--:--1~5~.4~-:-~8~.~2--+-7~.~31;-
7 1 27 20.6 18.1 2.9 1 14.5 
8 1 27 26.0 23.8 2.4 1 18.1 
None 1 27 22.1 19.4 2.6 1 18.9 
3 
4 
7 
8 
None 
31 
31 
31 
31 
31 
31 
31 
31 
31 
22.7 
22.3 
23.5 
19.7 
28.6 
21.7 
23.2 
18.8 
24.2 
LOT 4 
21.8 1.6 1 17.0 
20.8 1.8 1 15.4 
21.3 2.2 1 16.0 
17.8 2.1 1 16.4 
26.8 1.8 1 13.6 
20.2 1.6 1 18.7 
20.9 1.9 1 15.2 
16.8 1.8 1 16.0 
22.3 1.8 1 13.8 
LOT 5 
6.2 14.4 6.2 5.34 
7.6 15.7 10.2 9.83 
3.3 13.4 9.0 7.96 
5.5 15.3 7.5 
6.8 14.4 7.9 
7.5 15.0 8.4 
7.9 10.8 8.8 
5.9 19.5 9.0 
10.0 13.7 8.0 
6.3 15.0 8.0 
7.0 12.2 6.9 
5.2 14.7 9.6 
37 41.2 39.1 1.6 1 21.5 19.3 27.6 13.4 15.83 
2 37 31.0 28.1 2.7 1 19.6 11.0 19.9 10.9 11.46 
3 37 44.7 41.8 3.1 1 ·28.3 16.0 31.1 13.4 18.38 
4 37 31.1 28.9 1.7 1 21.0 9.9 21.2 9.6 12.12 
5 37 43.7 40.6 2.7 1 27.9 15.1 30.1 13.5 18.87 
6 37 33.0 31.1 2.4 1 22.6 10.9 23.2 9.9 14.41 
7 37 34.4 32.2 2.5 1 23.1 11.8 25.2 9.5 15.76 
8 37 38.7 36.0 1.9 1 25.2 12.8 27.8 10.4 15.71 
None 37 36.8 34.1 2.0 1 24.4 11.9 26.5 9.9 16.73 
·Calculated from milligrams of amino nitrogen as determined by the Van Slyke 
gasometric method. 
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tion of the total nitrogen regardless of the strain of mold used. In 
all comparisons the values for the nitrogen fractions soluble in the 
various reagents were larger than those on the insoluble fractions. 
This was especially evident with trichloracetic acid where t4e values 
for the insoluble fraction were regularly very small. The values 
obtained for amino nitrogen usually followed , the same general 
trend as those obtained for the total soluble nitrogen, the amount 
of amino nitrogen in the serum being relatively large or small ac-
cording to the amount of total soluble nitrogen present. 
Considering the various lots of cheese, the amounts of total nitro-
gen in the serums were considerably larger in the old cheese than 
in the young cheese., In lot 1 the average total nitrogen value of 
the serums was 16.74; in lot 2, it was 18.09; in lot 3, 25.16; in lot 
4, 22.56 and in' lot 5, 37.22. The ' fractions soluble in the three re-
agents were regularly larger in the serums from old cheese than in 
those from young cheese, whereas the insoluble fractions were either 
slightly larger in the serums from old cheese or were about the 
same in all serums regardless of the age of the cheese. The amounts 
of amino nitrogen were definitely larger in the serums from old 
cheese than in those from young cheese. 
Since there was considerable variation in the quality of cheese 
made with individual mold strains, additional studies relative to 
the effects of the eight strains on the cheese flavor seemed desirable. 
Three lots of cheese were made in the same manner as those made 
previously to study the effects of the different mold strains, except 
that with each lot three cheese instead of two were made with each 
mold strain; also, each lot contained three cheese made without the 
addition of powder to the curd. The lots of cheese were examined 
and scored for flavor after 10, 16 and 22 weeks of ripening. Table 
4 presents the results. 
The data show that the cheese increased in score as the ripening 
progressed so that it regularly scored higher after 22 weeks than 
TABLE 4. EFFECT OF CERTAIN STRAINS OF PENICILLIA ON THE FLAVOR 
OF BLUE CHEESE. 
Strain l 
LOT 1 LOT 2 LOT 3 
no. Flavor score. after Flavor score* after Flavor score. after 
10 wks. I 16 wks. I 22 wks. 10 wks. 1 16 wks. I 22 wks. 10 wks.116 wks. I 22 wks. 
1 I 6 I 7 I 8 7 I 7 I 8 5 I 6 I 7 
2 I 4 I 5 I 7 5 I 6 I 8 3 I 4 I 5 
3 I 4 I 5 I 6 5 I 5 I 7 4 I 4 I 6 
4 I 5 I 6 I 6 6 I 6 I 7 4 I 5 I 6 
5 I 7 I 8 I 9 7 I 8 I 8 6 I 7 I 7 
6 I 4 I 5 I 7 5 I 6 I 6 3 I 5 I 5 
7 I 3 I 4 I 5 5 I 6 I 7 3 I 4 I 4 
8 I 5 I 6 I 8 6 I 7 I 7 4 I 5 I 6 
None I 3 I 4 I 6 4 I 6 I 7 4 I 4 I 5 
-Based on a perfect score of 10. 
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after 10 weeks. As in the other comparisons, cheese made with 
strains 5 or 1 appeared to be the most desirable from the standpoint 
of flavor, while that made with strains 6 or 7 was the least desirable. 
The cheese made without mold powder scored relatively low al· 
though in a few comparisons it scored higher than cheese made 
with certain of the mold strains. 
MANUFACTURE OF BLUE CHEESE FROM HOMOGENIZED MILK 
DEVELOPMENT OF THE METHOD 
As previously noted, Currie (9) found that the sharp, peppery 
flavor, characteristic of roquefort cheese, is due in large part to the 
accumulation of free and combined forms of caproic, caprylic and 
capric acids in the cheese during ripening. Presumably, these 
products result largely from the hydrolysis of fat by lipolytic enzy· 
mes of the milk and the normal mold of the cheese. 
From the general effect of homogenization on the flavor of raw 
milk, it appears that homogenization of milk for blue cheese would 
be a logical procedure in attempting to bring about a comparatively 
rapid formation of fatty acids , since the process would enormously 
increase the surface area of the fat globules and thus facilitate the 
action of lipolytic enzymes. 
In the early trials with homogenized milk attempts were made to 
manufacture small lots of cheese by employing the method used for 
milk not homogenized. However, it was generally found that the 
usual cheesemaking procedure had to be modified since the curd 
formed from homogenized ' milk was comparatively soft and brittle, 
and if handled in the same manner as the curd from normal milk 
resulted in an undesirable, soggy cheese unsuited for the growth of 
mold. The following procedure was finally adopted for the manu· 
facture of blue cheese from homogenized milk: 
Fresh, whole milk, testing 3.4 to 3.7 percent fat, was heated to 
90°F. (32.2°C.) and submitted to 2,500 + 500 pounds pressure in 
a homogenizer. The milk was then cooled to ·89°F. (31.7°C. ), 
placed in a cheese vat and 2 percent of the usual lactic acid culture 
added. When the acidity reached 0.19 or 0.20 percent, calculated 
as lactic acid, the milk was set at 88°F. (31.1 °C.) with commercial 
rennet at the rate of 3 ounces per 1,000 pounds of milk. The curd 
was cut 60 to 80 minutes' later with 0.5-inch curd knives; the acidity 
of the whey immediately after cutting was 0.13 to 0.14 percent. For 
the next 90 to 120 minutes, or until the acidity of the whey reached 
0.17 to 0.19 percent, the curd was stirred occasionally. At the end 
of this period the curd was usually firm enough for dipping, al· 
though in rare cases when it was uncommonly soft a slight toughen· 
ing was brought about by removing and heating with live steam a 
small portion of whey and then returning this to the cheese vat; 
the temperature of the curd was never allowed to exceed 92°F. 
(33.3° C.) . 
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Dipping the curd into the drain cloth was carried out in the usual 
manner except that no more curd than was necessary for four cheese 
was dipped at one time. On the drain cloth the curd regularly ap-
peared softer and more brittle than that made from milk not homo-
genized, and in some cases it could be described as mushy. How-
ever, the draining took place very rapidly, so that 1 or 2 minutes 
after draining had begun the mold powder was mixed with the curd; 
after another 2 or 3 minutes the curd was transferred quickly to 
the hoops. 
The critical part of the process appeared to involve the condition 
of the curd at the time of hooping. If the curd was hooped too 
soft, a compact mass was formed which was unsuitable for the 
growth of mold; on the other hand, a comparatively firm ,curd re-
sulted in a dry, hard cheese which required extended ripening for 
the development of flavor. Because of variations in successive lots 
of cheese, considerable experience is needed in judging the proper 
condition of the curd for hooping. 
The curd obtained from homogenized milk was comparatively 
soft, and the hoops were turned frequently for several hours after 
filling to prevent the cheese from sticking to the hoops and to insure 
a closed surface; usually they were turned every 15 minutes for the 
first 2 hours and then each hour for 6 or 8 hours. 
In salting the cheese, the dry salting method was used exclusively, 
since this method appeared to give more uniform salt percentages 
with different lots of cheese than a combination of brine and dry 
salting. In most cases salt equal to 5.5 percent of the total weight 
of the cheese was incorporated into a lot of cheese during three 
successive saltings over an 8 to 10-day period. 
The skewering of the cheese and the ripening were carried out in 
the usual manner. 
GENERAL EFFECT OF HOMOGENIZATION 
Twenty-two lots of experimental cheese were made in which homo-
genized and normal milk were compared. For each lot of cheese 
500 pounds of fresh, whole milk were thoroughly mixed and half 
of it homogenized at 2,500 + 500 pounds pressure with the tem-
perature between 85° and 95°F. (29.4° and 35.0°C.) . The two 
portions of milk, homogenized and normal, were placed in small 
cheese vats. The homogenized milk was made into cheese with the 
procedure described for this, while the normal milk was made into 
cheese with the usual method, except that the mold powder was 
mixed with the curd before hooping rather than dusted on the curd 
in the hoops. Examinations of the cheese were made frequently 
throughout the ripening periods. 
Differences between the curd obtained from homogenized milk and 
that obtaine~ from normal milk were regularly noted during and 
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immediately following the manufacturing process. At the time of 
draining and hooping the curd from homogenized milk appeared 
softer, flakier, more brittle and less colored than that of the con-
trol; this color difference was particularly noticeable on the outside 
of the freshly made cheese. During the latter part of the manu-
facturing process the curd from homogenized milk regularly had a 
rancid flavor and aroma which were intensified as the process pro-
gressed. Presumably, the rancidity was due to the action of the 
inherent lipase of raw milk on the finely divided fat. 
During the first few weeks of ripening the cheese made from 
homogenized milk became more and more rancid in flavor and 
aroma; the flavor suggested butyric acid rather than the typical 
blue cheese flavor. Combined with the butyric-acid-like flavor and 
aroma there was commonly the characteristic odor of methyl-n-amyl 
ketone; this compound was probably formed through a beta oxida-
tion of caprylic acid and elimination of carbon dioxide by the cheese 
mold growing under unfavorable conditions (27) _ At this time 
rancid and ketone flavors were not detected in the control cheese 
and the curd had a comparatively high color. . 
After 4 to 6 weeks the cheese made from homogenized milk began 
to develop a flavor resembling that of blue cheese, although there 
was still much of the butyric-acid-like flavor present which, com-
bined with an increasing concentration of methyl-n-amyl ketone, 
gave the cheese a coarse, sharp, rancid taste. In the control cheese 
nothing but the usual unpleasant bitter flavor was apparent. The 
mold in the cheese made from homogenized milk developed well, 
and there was commonly a more luxuriant growth than in the con-
trol cheese. In a number of comparisons the mold in the homo-
genized milk cheese was brilliant green in color, while the growth 
in the control was commonly gray green. This contrast in the in-
tensity of mold coloration may have been due, in part, to the color 
difference in the curd of the two types of cheese. 
After 10 to 12 weeks the cheese made from homogenized milk 
had usually lost the flavor suggestive of butyric acid and had de-
veloped considerable of the sharp, peppery flavor characteristic of 
roquefort cheese. Although the flavor was not always as pro-
nounced as that of a fully ripened imported cheese, many lots were 
considered mature by the judges. The ketone flavor and aroma 
were not identified as easily as before, although certain lots of 
cheese, especially those deficient in mold growth, still appeared to 
have considerable; in a few cheese the flavor was so strong that it 
was objectionable. Presumably, methyl-n-amyl ketone in the proper 
concentration is a desirable flavor constituent of roquefort and re-
lated cheeses. The possibility of its partial destruction by the grow-
ing mold should not be overlooked (27). No blue cheese flavor 
had developed in the control cheese, and the bitter fla,:or was still 
• 
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evident. The body of the cheese made from homogenized milk had 
broken down considerably, and it was commonly softer and less 
crumbly than that of the more common varieties of blue cheese. The 
control cheese remained relatively hard and yellow in color. 
With extended ripening the desirable flavor of the cheese made 
from homogenized milk became more pronounced and in only a 
small percentage of the cheese did defects develop. The general 
quality of successive lots of cheese was unusually uniform. The 
keeping quality of certain lots of cheese was studie~ by wrapping 
the cheese in foil after 3 months in the curing room and then storing 
it at 40°F. _ (4.4°C.) for 6 months. Following the storage period 
the cheese was found to be of very good quality. From 14 to 18 
weeks of ripening were generally necessary before any blue cheese 
flavor could be detected in the control cheese, and after 24 to 28 
weeks considerable blue cheese flavor was commonly present. Cer· 
tain flavor defects, such as unclean, musty or fruity flavors, fre· 
quently developed in the cheese which detracted from the general 
quality, and in addition consecutive lots of cheese were not uniform 
in flavor and texture. 
In general, the observations indicate that the manufacture of blue 
cheese from homogenized milk, rather than from milk not homo-
genized, offers certain possibilities from the standpoints of curing 
and marketing. Cheese made from homogenized milk, according to 
the method outlined, ripened in a relatively short time, had a com-
paratively light color, which in many cases was comparable to the 
color of French cheese made from sheep's milk, and the body was 
unusually soft so that the c~eese could be easily spread with a 
knife. On the other hand, cheese ,made from milk not homogenized 
required extended ripening before a reasonable amount of flavor 
developed, and the cheese often showed flavor defects; furthermore. 
the body was comparatively hard and yellow in color. 
COMMERCIAL LOTS OF CHEESE 
During 1936 and 1937 considerable milk was homogenized for 
blue cheese manufacture at the Dairy Industry Department, Iowa 
State College. Usually about 700 pounds of milk were used at one 
time. The general character of the cheese obtained was the same as 
with the small lots of homogenized milk. The cheese was marketed 
after 10 to 14 weeks of ripening and, in general, was of satisfactory 
qual-ity and had considerable desirable flavor. Some lots of cheese 
were not as satisfactory as other lots. This may have been due in a 
few instances to the milk, which at times was of relatively low qual-
ity, and in other instances to periodic temperature and humidity 
changes in the curing room. Several factories making blue cheese 
in various parts of the United States and Canada have begun to 
employ homogenized milk, rather than normal milk, for commer· 
cial cheese manufacture. 
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EFFECT OJo' THE HOMOGENIZATION TEMPERATURE 
The effect of the homogenization temperature used with milk in· 
tended for blue cheese was studied by comparing cheese made from 
milk homogenized at 75°F. (23.9° C.), 95°F. (35.0°C.) and 115°F. 
(46.1 oC.). 
Four lots of cheese were made. With each lot, 430 pounds of 
milk were thoroughly mixed in a vat connected with the homogeni. 
zero The milk was heated to 75°F., and 160 pounds were run 
through the homogenizer under 2,500 + 500 pounds pressure. The 
temperature of the milk was then raised to 95°F., and an additional 
160 pounds were homogenized as before; in like manner the teo 
maining 160 pounds were homogenized at 115°F. After treatment 
the three portions of milk were placed in small cheese vats where 
the temperature was adjusted to 88°F. (31.1°C.) and made into 
cheese. Throughout the ripening, examinations of the cheese were 
made frequently by two or more judges. 
During the latter stages of the manufacturing process the curd 
from milk homogenized at 75° or 95°F. developed a rancid flavor 
and aroma which became more pronounced as the process continued. 
Very little or no rancidity was apparent in the curd from milk 
homogenized at U5°F.; some difficulty was usually encountered in 
handling this curd since it was commonly soft and mushy. 
Examinations of the cheese during ripening showed that in all 
the comparisons the cheese made from milk homogenized at 95°F. 
developed a desirable flavor in a shorter period than the cheese 
made from milk homogenized at the other temperatures, although 
there was little difference between the 95° and 75°F. temperatures. 
The cheese from milk homogenized at 115°F. was comparatively 
slow to develop flavor at first, although immediately following the 
period of mold growth flavor developed rapidly. The curd from 
milk homogenized at 115° F. appeared decidedly less colored than 
that from milk homogenized at the other temperatures, although 
the difference was not particularly noticeable in the ripened cheese. 
The general effect of homogenization at 115° F. is in accord with 
the work of Sharp and de Tomasi (43) who found that cream from 
milk heated to 1l00F. (43.3°C.) before separation did not develop 
non· lactic acidity or bitterness. even though the lipase was not de· 
stroyed. The mechanism by which slight warming of the milk pre· 
vents the lipase action was not explained. 
The results indicate that, of the three temperatures of homogeni. 
zation employed, 95°F. appeared to be the most desirable from the 
standpoint of a comparatively rapid flavor development. When 
large lots of milk are homogenized for blue cheese the milk is gen· 
erally heated to 90°F. (32.2°C.) rather than 95°F. since the tem· 
perature of the milk increases somewhat during the homogenization. 
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EFFECT OF THE HOMOGENIZATION PRESSURE 
The effect of the homogenization pressure was studied with a num-
ber of commercial lots of cheese made over a period of 6 weeks; 
direct comparisons using milk from the same original lot were not 
made. With some lots of cheese the milk was homogenized under 
2,000 + SOO pounds pressure at 95°F. (35.0°C.), with others the 
pressure was 3,000 + 500 pounds, and with still others it was 
4,000 + 500. Observations were made on the curd during the manu-
facturing and on the cheese during ripening. 
No serious manufacturing difficulties were encountered when the 
two lower pressures were employed but with the milk homogenized 
under 4,000 + 500 pounds pressure a comparatively soft, brittle 
curd was commonly obtained which would not firm properly, even 
when the temperature was raised to 92°F. (33.3°C.) by the addition 
of hot whey. On the drain cloth the curd broke up and was soggy; 
in the hoops, a compact, heavy mass was formed. 
The cheese from milk homogenized under 2,000 + 500 or 
3,000 + 500 pounds ripened normally, and the mold growth was 
satisfactory, although with the latter pressure the cheese developed 
flavor somewhat more rapidly and was slightly less colored than 
with the former pressure. The cheese made from milk homogenized 
under 4,000 + 500 pounds was less colored than either of the other 
two types, but cracking during salting and punching was common, 
the mold growth was poor, due presumably to the close texture of 
the curd, and extended ripening was usually necessary for flavor 
development. 
Since the observations indicated that homogenization of milk in-
tended for blue cheese at either 2,000 +500 pounds or 3,000 + 500 
pounds was satisfactory. a pressure of 2,500 + 500 pounds was 
commonly used. especially with large lots of milk and has given 
generally satisfactory results. 
EFFECT OF HOMOGENIZATION ON THE VOLATILE 
ACID DEVELOPMENT 
The effect of homogenizing the milk intended for blue cheese on 
the volatile acid development in the cheese was studied with four 
lots of cheese; each lot contained three cheese made from normal 
milk and three from homogenized milk. For making a lot of cheese, 
340 pounds of fresh , whole milk were thoroughly mixed and half 
of it was homogenized under 2,500 + 500 pounds pressure at 90°F. 
(32.2° C.). The two portions of milk, normal and homogenized, 
were placed in small cheese vats and the normal milk was made 
into blue cheese by the usual method, while with the homogenized ' 
milk the method described for this was employed. Determinations 
of volatile acidity were made on each lot of cheese after 4, 10 and 
12 weeks of ripening. The data are presented in table 5. 
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TABLE 5. EFFECT OF HOMOGENIZING THE MILK INTENDED FOR CHEESE-
MAKING ON THE VOLATILE ACIDITY OF BLUE CHEESE. 
Milk used Vol. acidity in ml. NII0 acid per 200 gIn. cheese after 
4 weeks 10 weeks 17 weeks 
LOT 1 
Normal 6.2 I 9.9 22.6 
Homogenized 15.6 I 27.0 50.3 
LOT 2 
Normal 7.4 I 10.4 26.6 
Homogenized 18.3 I 32.0 65.5 
LOT 3 
Normal 5.7 I 11.6 20.6 
Homogenized 16.8 I 42.3 61.7 
LOT 4 
Normal 9.2 I 12.7 23.4 
Homogenized 17.0 I 46.3 72.0 
In all comparisons the values obtained for volatile acidity were 
considerably higher on the cheese made from homogenized milk 
than on the cheese made from normal milk, the former values being 
roughly two to four times as high as the latter. The data indicate 
that homogenization of the milk used for making blue cheese defi-
nitely speeded up the hydrolysis of fat in the cheese so that rela-
tively large amounts of volatile acids accumulated during the com· 
paratively early stages of. ripening. 
EFFECT OF PASTEURIZING AND THEN HOMOGENIZING THE MILK 
The effect of pasteurizing and then homogenizing the milk in· 
tended for cheesemaking on the amount and general types of vola-
tile acid and the score of blue cheese was studied with three lots of 
cheese. For each lot, 510 pounds of fresh whole milk were thor-
oughly mixed and divided into three equal portions. The first por-
tion was untreated and was used as the control; the second portion 
was homogenized under 2,500 + 500 pounds pressure at 90°F. 
(32.2°C.); the third portion was pasteurized at 145°F. (62.8°C.) 
for 30 minutes, partially cooled and then homogenized in the same 
manner as the second portion. The three portions of milk were 
placed in small cheese vats, and the control portion was made into 
cheese by the method used for milk not homogenized; portions two 
and three were made into cheese by the method described for homo-
genized milk. Cheese from each lot was examined after 3, 8, 12 
and 16 weeks of ripening, and the data are presented in table 6. 
With the control cheese, relatively low values for volatile acidity 
were obtained, and increases in the values were comparatively small 
as the ripening progressed. In lot 1 the value increased from 5.6 
at the time of the first examination (3 weeks of ripening) to 18.0 at 
the time of the last examination (16 weeks of ripening); in lot 2 
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the value increased from 8.5 to 20.3 and in lot 3 from 6.2 to 17.0. 
Considerably higher values for volatile acidity were obtained 011 
the cheese from raw homogenized milk and increases in the values 
were comparatively rapid as the ripening progressed. In lot 1 the 
value increased from 18.7 to 57.0, in lot 2 from 13.5 to 68.0 and in 
lot 3 from 12.4 to 52.0. The values obtained on the cheese made 
from pasteurized homogenized milk were considerably lower than 
those on the cheese made from raw homogenized milk, but they were 
definitely higher than the values obtained on the control cheese. In ' 
lot 1 the value increased from 6.3 to 24.0, in lot 2 from 11.8 to 34.0 
and in lot 3 from 6.7 to 35.0. 
The acid values obtained on the cheese fat followed the same 
general trend as the values on the volatile acidity of the cheese. 
With the control cheese in lot 1 the acid values increased from 11.0 
(3 weeks of ripening) to 31.6 (16 weeks of ripening). In lot 2 the 
increase was from 9.6 to 37.0 and in lot 3 from 8.8 to 28.4. Rela-. 
tively high values were obtained on the fat of cheese made from 
raw homogenized milk, and the increases as the ripening progressed 
were comparatively rapid. In lot 1 the increase was from 42.0 to 
132.0, in lot 2 it was from 42.0 to 152.0 and in lot 3 from 46.4 to 
112.2. The values obtained on the fat in cheese made from pas-
teurized homogenized milk were not nearly as high as those on the 
fat in cheese made from raw homogenized milk but were definitely 
higher than those obtained on the fat from the control cheese. In 
lot 1 the increase was from 18.0 to 45.2, in lot 2 it was from 12.0 
to 56.0 and with lot 3 from 20.0 to 52.7. . 
Considerable variation was noted in the flavor of the three types 
of cheese. The control cheese made from raw milk not homogeni. 
zed was regularly poor in flavor, and it was criticized for lacking 
flavor or for having bi,tter or musty flavors. The flavor of the 
cheese made from raw homogenized milk was definitely more desir-
able than that of the control cheese. Although the flavor was com-
monly criticized during the early stages of ripening as suggesting 
butyric acid, at 16 weeks considerable of the sharp, peppery flavor 
characteristic of roquefort cheese was present. The flavor of the 
cheese made from pasteurized homogenized milk was not as pro· 
nounced as that of the cheese made from raw homogenized milk but 
was rather typical and definitely more desirable than the flavor of' 
the control cheese. Usually, after 16 weeks of ripening there was 
some peppery flavor present. 
Mold growth was satisfactory in all of the cheese, with the ex· 
ception of a few young control cheese. 
The three types of cheese varied considerably in color. The con-
trol cheese and the cheese made from pasteurized homogenized milk 
were regularly more yellow than the cheese made from raw 
homogenized milk 
TABLE 6. EFFECT OF PASTEURIZING AND THEN HOMOGENIZING THE MILK INTENDED FOR CHEESEMAKING ON THE AMOUNT 
AND GENERAL TYPES OF VOLATILE ACID, THE A CID VALUE OF THE FAT AND THE SCORE OF BLUE CHEESE. 
Age of I Vol. acidity in ml. Acid value in ml. I Score I PI~~ng I Milk used I cheese N / 10 acid per 200 N / 10 acid per 20 Remarks on flavor (weeks) gm. cheese gm. fat Flavor> I Mold' Total color 
LOT 1 
Raw 5.6 11.0 12 Poor, bitter 
Raw homogenized 3 18.7 42.0 15 1 Butyric 
Pasteurized homogenized 3 6. 3 18.0 4 13 3 Lacking 
Raw 8 7.0 11.4 3 10 Poor, bitter 
Raw homogenized 8 25.0 51.2 7 15 1 Butyric 
Pasteurized homogenized 8.0 20.4 4 9 13 3, Lacking 
Raw 12 9.0 13.2 14 3 Poor, bitter, musty 
Raw homogenized 12 32.0 63.0 8 17 Good 
Pasteurized homogenized 12 15.0 27.6 15 Lacking 
t-:I 
Raw 16 18.0 31.6 5 14 3 Poor. bitter. musty t-:I 00 
Raw homogenized 16 57.0 132.0 8 17 Good, peppery 
Pasteurized homogenized 16 24.0 45.2 16 Lacking 
LOT 2 
Raw I 8.5 9.6 3 9 12 Poor , lacking 
Raw homogenized I 13.5 42.0 15 Butyric 
Pasteurized homogenized I 11.8 12.0 4 11 Lacking 
I 
Raw 8 I 8.0 15.0 4 7 11 Poor. musty 
Raw homogenized 8 I 18.0 41.5 7 9 16 Good 
Pasteurized homogenized I 11.0 29.6 4 8 12 Lacking 
I. 
R aw 12 I 12.6 29.6 5 7 12 Poor. lacking 
Raw homogenized 12 I 38.0 85.6 17 Good, peppery 
Pasteuriied homogenized 12 I 17 .0 48.0 15 F a ir, lacking 
I 
Raw 16 I 20.3 37.0 6 15 Fair 
Raw homogenized 16 I 68.0 152.0 9 9 18 Good, peppery 
Pasteurized' homogenized 16 I 34.0 56.0 7 9 16 3 Good, peppery 
LOT 3 
Raw 6.2 8.8 12 Poor. bitter 
Raw homogenized 3 12.4 46.4 6 9 15 Butyric 
Pasteurized homogenized 3 6.7 " 20.0 14 Lacking 
Raw 8 9.0 12.0 4 9 13 Poor, musty 
Raw homogenized 19 0 58.0 7 9 16 Fair. butyric 
Pasteurized homogenized 8 11.0 23.4 14 Lacking 
Raw 12 12.0 13.6 13 2 Poor, musty 
Raw homogeni zed 12 41.0 66.8 8 17 Good. peppery 
Pasteurized. homogenized 12 30.0 36.6 15 3 Lacking 
Raw 16 17.0 28.4 16 Fair. musty 
Raw homogenized 16 52.0 112.2 9 18 Good. peppery 
Pasteurized homogenized 16 35.0 52.7 8 17 Good. peppery 
" Based on perfect score of 10. 
t-,:) 
t-,:) 
\0 
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In general, cheese made from raw homogenized milk showed a 
more rapid and extensive development of volatile acid and a more 
rapid increase in the acid value of the fat than cheese made from 
raw milk not homogenized or from pasteurized homogenized milk. 
The flavor and color of cheese made from raw, homogenized milk 
were more typical and desirable than the flavor and color of the 
other two types. Cheese made from pasteurized homogenized milk 
was definitely superior to cheese made from raw milk not homo· 
genized. 
COMPARISON OF COWS' MILK AND GOATS' MILK FOR BLUE CHEESE 
A comparison of cows' milk and goats' milk for the manufacture 
of blue cheese was made with four lots of cheese which were ex-
amined after 2 and 4 months of ripening. Each lot contained six 
cheese weighing about 3 pounds each. With two 16ts, two cheese 
were made from cows' milk not homogenized, two from homogenized 
cows' milk and two from goats' milk not homogenized. The other 
two lots were the same except that the goats' milk was homogenized. 
The goats' milk came from a small herd, and the quantity neces-
sary for a lot of cheese required the total milk produced over a 
3-day period, so a portion of the milk used for each lot of cheese 
was 3 days old. The production of each day was cooled to 40°F. 
(4.4°C.) and held there until the cheesemaking was begun. 
Homogenization of both cows' and g'oats' milk was carried out at 
95°F. (3S.0°C) under 2,500 + 500 pounds pressure. The methods 
of cheesemaking used for the cows' milk not homogenized and for 
the homogenized cows' milk were those previously employed. Iden-
tical methods were used with the goats' milk except that the setting 
time was shortened considerably; the curd was cut 40 to 50 minutes 
after setting rather than the , usual 90 to 120 minutes. 
After 2 months the cheese made from milk not homogeqized 
had no blue cheese flavor. The product from cows' milk had' the 
usual musty and bitter flavors while that from goats' milk was salty 
and unclean. The cheese from goats' milk was decidedly less col-
ored than that from cows' milk. In the products made from homo-
genized milk considerable flavor had developed. The cheese from 
cows' milk had the usual rancidity, but the flavor was not as sharp 
as that from goats' milk. There was an appreciable difference in 
the color of the two types; although the product from cows' milk 
was relatively white, the cheese from goats' milk was practically 
chalk white. 
After 4 months the cheese made from milk not homogenized 
had developed some flavor, but there was very little typical flavor 
present. The product from cows' milk retained the musty flavor, 
and the body was comparatively hard and yellow in color. The 
2S1 
cheese from goats' milk had a flavor suggestive of blue cheese, al-
though it was definitely unclean. The color contrast between the 
two types of cheese was still striking. In the cheese made from 
homogenized milk from either species of animal there was much of 
the characteristic blue cheese flavor. The flavor of the cheese from 
cows' milk was sharp and peppery, the body was relatively soft 
and the color was light enough to be considered satisfactory. The 
flavor of the cheese from goats' milk was described by the judges 
as "strong," "too peppery" or " unclean"; the cheese remained chalk 
white while the texture was crumbly. 
Summary 1 shows the placings of the various cheese relative 
to flavor, color and body after 4 months of ripening. 
SUMMARY 1. 
Placings of cheese on 
Milk used 
Flavor Color· Body 
Cows' 4 4 4 
Cows' homogenized 1 3 1 
Goats' 3 2 3 
Goats' homogenized 2 1 2 
'Cheese with the least color was considered the most desirable. 
Of the four types of cheese studied, that made from homogenized 
cows' milk was considered the most generally satisfactory. 
EFFECT OF DELAYED SALTING 
The effect of delayed salting was studied for the purpose of de-
termining whether such a procedure would hasten mold development 
and thereby shorten the time necessary for ripening. Presumably, 
germination of the mold spores in the cheese would begin compara-
tively early since the inhibitory effect of salt would not be present. 
Four lots of cheese made from homogenized milk were studied. 
Each· lot included five cheese, one of which was salted and skewered 
in the normal manner and used as the controL The remaining four 
cheese were skewered the morning following manufacture, and salt-
ing was Begun after 2 days with one cheese, after 4 days with an-
other, after 6 days with another and after 8 days with the last. 
Examinations of the cheese were made after ripening 10 weeks. 
The results of the examinations indicated that delayed salting was 
not a desirable practice. The flavor and the color were regularly 
considered more satisfactory with the control cheese than with the 
others. Mold growth was often more luxuriant in the cheese made 
by delayed salting although the differences among the cheese in a 
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lot were not particularly significant. Probably the greatest varia· 
tion among the cheese in a lot was in the color. All of the cheese 
that were skewered previous to salting were yellow in color when 
compared to the control. The yellow color became more pro· 
nounced as the period between skewering and salting was increased, 
so that the cheese held 8 days before salting was decidedly yellow. 
Summary 2 gives the placings on flavor, mold growth and color of 
the four lots of cheese: 
SUMMARY 2 
Placing on 
Cheese 
Flavo)' Mold growth Color 
Normal 1 3 1 
Skewered 2 days before salting 4 5 2 
Skewered 4 days before salting 2 1 3 . 
Skewered 6 days before salting 3 4 4 
Skewered 8 days before salting 5 2 5 
GENERAL ACTION OF MILK LIPASE IN RIPENING CHEESE 
Since Doan (11) reported that the lipase of milk is contained 
largely in the serum rather than the fat, studies on the effect of em· 
ploying raw and pasteurized skimmilk plus added fat for the manu· 
facture of blue cheese seemed desirable from the standpoint of de· 
termining the general action of milk lipase in the ripening. 
Two double lots of cheese were made; for each, 600 pounds of 
fresh skimmilk were divided into two equal portions. One portion 
was pasteurized at 145° F. (62.8°C.) for 30 minutes, cooled, divided 
equally among four 10-gallon cans and then stored at 45°F. 
(7.2°C.) until the following morning. The other portion was not 
pasteurized but was divided among four cans and the following 
materials were added to make the fat contents comparable to whole 
milk: To one can 3.7 pounds of melted butter made from pasteurized 
cream; to another, 7.4 pounds of 40 percent cream which had been 
boiled; to another 7.4 pounds of 40 percent raw cream, and to the 
last, nothing was added. Homogenization of the four lots of milk 
was carried out separately at 90°F. (32.2° C.) under 2,500 + 500 
pounds pressure. The milk was placed in small cheese vats and 
made into cheese by the method described for homogenized milk. 
On the following morning the cans of pasteurized skimmilk were 
treated in the same manner as the raw skimmilk had been treated. 
Observations were made on the curd during manufacture and on thc 
cheese during ripening. 
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A rancid flavor and aroma were regularly apparent in the curd 
made from raw skimmilk plus the fat ingredients during the latter 
stages of the manufacturing procedure, while there was no rancidity 
in the curd made from skimmilk alone. On the other hand, no ran· 
cid flavor and aroma were present in the curd made from pasteurized 
skimmilk plus the fat materials or from pasteurized skimmilk alone. 
During ripening the rancidity of the cheese made from raw skim· 
milk plus the various forms of fat increased, and the flavor was 
identical with that obtained in young cheese made from homogeni· 
zed raw whole milk; a definite flavor developed rapidly in the 
cheese before any apparent mold growth. In comparison, the cheese 
made from pasteurized skimmilk plus the fat ingredients did not 
have any rancid flavor and aroma until after the development of 
mold. With the cheese made from either raw or pasteurized skim· 
milk alone, no rancidity developed and the cheese was dry and hard. 
After only a few days of ripening, the flavor of methyl.n.amyl 
ketone was regularly detected in the cheese made from raw skim· 
milk plus the fat materials but not in the cheese made from raw 
skimmilk alone. In general, the intensity of the ketone flavor in· 
creased for approximately 5 weeks, after which detection of the 
flavor was more difficult. In the cheese made from pasteurized 
skimmilk plus the fat materials or from pasteurized skimmilk alone, 
no ketone flavor could be detected in the very young cheese although 
it was occasionally noticed after the cheese had ripened consider· 
ably. 
Summary 3 indicates the types of cheese which regularly showed 
early rancidity and the early development of methyl.n.amyl ketone 
flavor: 
SUMMARY 3 
Milk used Early rancidity Methyl.n-amyl ketone in cheese flavor in cheese 
Raw skim - -
Raw skim + butter + + 
Raw skim + boiled cream + + 
Raw skim + raw cream + + 
Past eurized skim 
- -
Pasteurized skim + butter 
- -
Pasteurized skim + boiled crenm 
- -
Pasteurized skim + raw cream 
- I -
The results are in agreement with the work of Doan (11) and 
suggest that the inherent lipase of milk is contained largely in the 
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serum rather than in the fat. All of the cheese made from raw 
skimmilk plus the fat materials became rancid relatively soon, 
whereas no early rancidity could be detected in any of the cheese in 
which pasteurized skimmilk was employed. Presumably, the lipase 
contained in the skimmilk was destroyed by the pasteurization ex-
posure used. 
EFFECT -OF DELAYED HOOPING 
The effect of delayed hooping on the development of flavor in 
blue cheese made from homogenized milk was studied with portions 
of curd removed during the manufactuxe of several lots of cheese. 
Immediately following the mixing in of mold powder, about 10 
pounds of curd were divided equally between two wooden butter 
tubs. For the next few hours the curd was mixed frequently by 
hand, and the tubs were tipped occasionally to allow the escape of 
whey. The tubs were covered with cloth and then stored for 2 or 3 
days at a temperature of about 50°F. (lO°C.) , with occasional mix-
ing. After the holding period the curd was removed from the tubs 
and placed in cheese hoops. The hoops were turned frequently 
over an 8-hour period. In some cases the particles of curd would 
not stick or mat together sufficiently in the hoops so that when the 
hoops were removed the cheese crumbled and shattered readily. In 
other cases, however, the texture of the cheese was quite normal and 
the cheese was salted in the usual manner but not skewered. 
Delaying the hooping, by the procedure described, had a signifi-
cant effect on the flavor of the curd and die cheese. Considerable 
flavor was present when the curd was removed from the tubs al-
though it was apparently due, for the most part, to the early forma-
tion of comparatively large amounts of methyl-n-amyl ketone. At 
this time mold growth was commonly evident in the curd. Follow-
ing the hooping and salting, the ketone flavor became still more evi-
dent, and after only 5 days of ripening there was considerable sharp, 
peppery flavor present, due presumably to a relatively rapid hydro-
lysis of fat. The flavor regularly produced, however, was not en-
tirely typical of blue cheese, even though there was considerable 
"bite" and sharpness present; the flavor was usually described as 
harsh and abnormal. Evidently one or more vital flavor constituents 
normally present in blue cheese were absent in the cheese made by 
delaying the hooping of the curd, or the proportion of the various 
flavor constituents was unbalanced. With continued ripening the 
sharp flavor became more pronounced, but at the same time less 
desirable. 
In general, delaying the hooping of the curd during the making 
of blue cheese did not appear to be a desirable procedure. The 
cheese often shattered, and even though a sharp, peppery flavor de-
veloped very early, the flavor was not typical or altogether desirable. 
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EFFECT OF NOT SKEWERING THE CHEESE 
Observations on comparatively young cheese made from homo-
genized milk or on cheese in which the skewer holes had closed early 
in the ripening indicated that considerable flavor had developed 
without the presence of visible mold_ The flavor of the cheese sug-
gested methyl-n-amyl ketone rather than volatile fatty acids_ It 
appeared that the ketone was produced by the added mold even 
though conspicuous growth was not noticeable_ If this observation 
is correct, the addition of more than the normal amount of mold 
powder to the curd should bring about a corresponding increase of 
ketone in the cheese_ 
The effect of the amount of mold powder employed on the de-
velopment of ketone flavor in the cheese was studied with three 
lots of cheese containing eight cheese each_ The cheese was made 
froni homogenized milk in the usual manner, except that skewering 
was omitted_ With each lot, duplicate cheese were inoculated with 
0_00, 0_01, 0_05 and 0_10 percent mold powder by mixing weighed 
portions of the powder with the curd immediately before hooping. 
The cheese was examined for flavor from time to time over a period 
of 12 weeks. 
The results of the examinations showed that after only a few days 
the flavor and aroma of methyl-n-amyl ketone were apparent in the 
cheese made with mold powder; the flavor and aroma became more 
noticeable with continued ripening. In the cheese made without 
powder no ketone flavor and aroma were noted at any period during 
the ripening. In general, the ketone was regularly most noticeable 
in the cheese containing the largest percentage of mold powder 
(0.10 percent) and the least noticeable in the cheese containing the 
smallest percentage (0.01 percent). The results indicate that the 
mold was necessary in bringing about the flavor of methyl-n-amyl 
ketone. 
Additional lots of cheese were made for comparative studies of 
normal and un skewered cheese after an extended ripening period. 
Six lots, each containing six cheese, were made from homogenized 
milk and the normal amount of mold powder (0.01 percent) was 
used, The cheese in each lot was treated in the same manner except 
that three cheese were skewered at the customary time while the 
other three were not skewered. The cheese was examined after about 
6 months of ripening. 
The comparisons showed that the unskewered cheese had de-
veloped considerable flavor although it appeared to be due mostly 
to methyl-n-amyl ketone and not to extensive fat hydrolysis. A bit-
ter flavor was also commonly present. The most important defect 
of the unskewered cheese, however, was not associated with the fla-
vor but with the cheese body. This was regularly hard and coarse, 
even after extended ripening, and the condition indicated com para-
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tively little protein breakdown. Most of the unskewered cheese 
showed no mold growth when cut, although occasionally blue mold 
could be detected, especially in those cheese having a relatively open 
texture. 
The control cheese and the few unskewered cheese which showed 
mold growth had a soft, desirable body which indicated normal 
proteolysis, and the flavor was well developed and more character-
istic than that of the majority of unskewered cheese. 
Attempts were made to improve the body of unskewered cheese 
by adding certain organisms, known to be proteolytic, to the milk 
intended for cheesemaking. A strain of Lactobacillus casei was 
employed in five lots of cheese and a strain of Streptococcus lique. 
/aciens in four lots. Both the test organisms were grown in sterile 
skimmilk at 98.6° F. (37.0° C.) for 48 hours and then inoculated 
into the milk used for cheesemaking at the time when the lactic acid 
cultui:e was added; the L. casei culture was used at the rate of 0.5 
percent and the S. liquefaciens culture at the rate of 0.05 percent. 
Comparisons of the cheese containing the test organisms with the 
control cheese indicated that the organisms did not materially im· 
prove the body of the cheese. Cheese made from milk inoculated 
with L. casei, however, commonly contained a more desirable flavor 
than the control cheese or the cheese made with S. liquefaciens. 
SMALL UNITS OF CHEESE 
A number of small units of blue cheese, having the usual shapc 
but weighing only about 2 pounds each, were made in special stain-
less steel hoops. The hoops measured 4.5 inches in height and 4.5 
inches in diameter. 
The small cheese ripened satisfactorily although a longer period 
was generally required than with the usual size cheese, due pre-
sumably to the tendency of the small units to dry out. 
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